Objectives. To describe mortality among adults with intellectual disability in England in comparison with the general population.
comparison with the general population, with more than a third of deaths potentially amenable to health care interventions. This mortality disparity suggests the need to improve access to, and quality of, health care among people with intellectual disability. (Am J Public Health. Published online ahead of print June 16, 2016: e1-e8. doi:10.2105/ AJPH.2016.303240) P eople with intellectual disability experience poorer physical health and receive poorer quality health care than people without intellectual disability for a range of reasons, including discrimination. 1 These inequalities are a concern for health care systems in the United Kingdom, the United States, and other developed countries, where the prevalence of intellectual disability has been estimated at approximately 1%. 2 Studies have reported that people with intellectual disability experience high mortality rates, shorter life expectancies, and excess premature mortality, with variable estimates of increased risk of death ranging between 3 and 18 times higher than those of the general population. [3] [4] [5] [6] A national confidential inquiry into premature deaths among people with intellectual disability in the United Kingdom highlighted the potential to prevent premature mortality, 7 concluding that people with intellectual disability die on average 16 years earlier than the general population and that potentially modifiable poor care and service provision contributes to this mortality gap. The lack of reliable information on the health experience of people with intellectual disability has been identified as an important barrier to developing effective health care strategies for this group. 8 According to the US Public Health Service, it has been unable to report on the health status of individuals with intellectual disability, one of its most vulnerable populations, on a truly representational basis. 9 In other populations, an understanding of mortality patterns, especially cause-specific and potentially avoidable mortality, has been a driver in developing priorities for health care interventions and monitoring the effectiveness of health services.
Unfortunately, as a result of incomplete recording of intellectual disability on death certificates and difficulties in relating death certificate data to a particular population at risk, studies based on death certification data alone are inadequate for understanding the mortality experience of people with intellectual disability. 10 Other studies are often based on local registers and may not be representative, 3 or they may be based on smaller samples with long follow-ups and may therefore no longer be contemporary. 5 Linkages between data sources that record mortality and those that identify people with intellectual disability have the potential to yield accurate evidence on health and mortality disparities.
potentially avoidable through medical intervention.
METHODS
We derived our data from the Clinical Practice Research Datalink, a large, validated primary care database that has been shown to be representative of the UK population,
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98% of whom are registered with a general (family) practitioner. In our analyses, we included 343 English practices that were recording data on January 1, 2009, and were anonymously linked to Office of National Statistics (ONS) death registration data.
Identification of Patients With Intellectual Disability
In England, people with intellectual disability live almost exclusively in the community, either in private households or in communal or shared settings. Since 2006, doctors have been financially incentivized to electronically maintain a register of all adults with intellectual disability in their practice. 12 We used nationally agreed-upon codes for intellectual disability, along with a few additional codes for chromosomal and metabolic disorders usually associated with intellectual disability, to identify patients. 13 Our sample comprised 16 666 patients, 18 to 84 years of age, who were registered for more than 30 days between 2009 and 2013.
We identified some important subgroups that could be easily identified from primary care records: Down syndrome patients, patients with epilepsy in addition to intellectual disability, intellectual disability patients with autistic spectrum disorder, intellectual disability patients with high levels of support needs, and intellectual disability patients living in a communal or shared setting. We classified patients as having high levels of support needs if they had a record of severe or profound intellectual disability or, in cases in which no record of severity was available (59%), they had at least 2 of the following: cerebral palsy or significant mobility problems (e.g., wheelchair use), severe visual impairment, severe hearing impairment, epilepsy (excluding absence seizures), continence problems, and percutaneous endoscopic gastrostomy feeding. We assessed communal living arrangements by searching for specific codes or the presence of 3 or more people with intellectual disability with the same address flag, indicating that they were living at the same address.
Study Design
Our study involved a retrospective matched cohort design. Adults with intellectual disability were followed from the latest date available of the following: January 1, 2009; January 1 of the year of their 18th birthday; or their date of registration. They were followed until the earliest date of recording of death, deregistration from practice, or when the practice stopped providing data to the Clinical Practice Research Datalink (up to March 31, 2013). We compared them with up to 7 age-, gender-, and practice-matched individuals with no record of intellectual disability (control group; n = 113 562) who were registered at the beginning of the study period. The average length of follow-up for all patients in our cohort was approximately 3 years (1097 days).
Cause of Death
We derived information on underlying cause of death from ONS death registration data for patients who died during the study (656 adults with intellectual disability, 1358 control group members). In the case of 38 of these deaths, we were unable to obtain data on cause of death. We summarized main causes of death using chapter headings from the International Classification of Diseases, 10th Revision, 14 but also explored some subgroups of interest. When examining how often intellectual disability was recorded on death certificates, we searched all recorded main and contributory causes of death for intellectual disabilityassociated codes, including an extended range of conditions weakly associated with intellectual disability such as cerebral palsy.
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Potentially Avoidable Deaths and Mortality Amenable to Care
In the United Kingdom, the ONS has defined indicators of potentially avoidable mortality to assess whether prior intervention for the underlying cause of death would reduce mortality for certain conditions. 15 The ONS defines deaths as potentially avoidable (according to underlying cause of death) when there is scope for intervention to reduce mortality. 15 Potentially avoidable deaths are further classified as amenable to good-quality health care (treatable), preventable through public health action, or both. With the exception of accidental deaths, these definitions primarily include deaths occurring among individuals younger than 75 years. For example, deaths from breast cancer are identified as amenable to health care, through screening and treatment, and deaths from lung cancer are identified as preventable, through tobacco control. Because some causes of death are defined as both amenable and preventable (e.g., ischemic heart disease), the number of deaths that are potentially avoidable is lower than the combined number of deaths that are amenable and preventable.
Adjustment for Comorbidities and Other Factors
We present unadjusted and adjusted comparisons. However our unadjusted analyses already adjusted for differences in our matched factors: age, gender, and practice (including regional and urban-rural variations). In addition, we adjusted comparisons between adults with intellectual disability and control group members using 9 comorbid conditions that are independent predictors of mortality in the general population 16 : atrial fibrillation, cancer, chronic obstructive pulmonary disease, dementia, diabetes, epilepsy, heart failure, severe mental illness (psychosis, schizophrenia, bipolar affective disorder), and stroke. English general practices are encouraged to use nationally agreed-upon codes 12 to record these conditions, and we identified these codes in patients' records before their study entry date. We favored this approach over the Charlson index, which does not account for epilepsy or severe mental illness, both of which are much more common among adults with intellectual disability. postcodes. A summary of comorbidity, smoking, and deprivation data among adults with intellectual disability and controls is provided in Table A , available as a supplement to the online version of this article at http://www.ajph.org.
Statistical Analysis
We present crude death rates and hazard ratios (HRs) for comparisons between adults with intellectual disability and matched controls. Hazard ratios were calculated via Cox regression (SAS version 9.4; SAS Institute Inc, Cary, NC), with further adjustment for covariates (on a multiplicative scale) and stratification on matched sets (i.e., matched according to gender, age, and practice). For subgroup comparisons, we compared the hazard ratios and confidence intervals derived from each intellectual disability versus control comparison (e.g., adults with intellectual disability and Down syndrome vs controls) and calculated P values for between-group differences. In supplementary analyses focusing only on intellectual disability patients, we fit models that directly compared each subgroup category (e.g., those with vs without Down syndrome), adjusted for age and gender differences and stratified according to practice.
RESULTS
A total of 656 (3.9%) adults with intellectual disability died over the study period, compared with 1358 (1.2%) of the matched controls (Table 1 ). In the intellectual disability group, death rates were elevated among those with Down syndrome (6.6%), a high number of support needs (5.9%), and epilepsy (5.8%) and among those living in communal or shared arrangements (7.8%).
All-Cause Mortality
The crude mortality rate was 132.4 per 10 000 people per year among adults with intellectual disability, compared with 39.7 among controls ( Table 2 ). The resulting hazard ratio (3.62; 95% confidence interval [CI] = 3.33, 3.93) was only partially explained by differences between the groups in comorbidities, smoking, and deprivation (adjusted HR = 3.05; 95% CI = 2.73, 3.41).
The higher mortality risk among adults with intellectual disability was seen at all ages, and although it was higher among men than it was among women, the difference was not statistically significant after adjustment (P = .07).
Among adults with intellectual disability, those with Down syndrome had a very high relative risk of death in comparison with controls (HR = 9.21; 95% CI = 7.22, 11.76), and this risk was significantly different from that seen among those in the intellectual disability group without Down syndrome (P < .001) and was not explained by further adjustment. Similarly, intellectual disability patients with high levels of support needs had a death rate nearly 5 times higher than that of controls, and the rate among those in communal or shared living arrangements was more than 4 times higher; both rates were significantly different from the comparable rates among other adults in the intellectual disability group before as well as after adjustment (P < .01). Epilepsy within the intellectual disability population was a strong determinant of mortality risk, both relative to the control group (HR = 6.04; 95% CI = 5.04, 7.24) and relative to other adults in the intellectual disability group without epilepsy (P < .001). Additional (unmatched) analyses that directly compared adults with intellectual disability in each subgroup (Table  B , available as a supplement to the online version of this article at http://www.ajph. org) confirmed the findings shown in Table 2 .
Cause-Specific Mortality
The higher mortality risk among adults with intellectual disability produced different patterns of cause-specific mortality, with the most common main causes of mortality being circulatory diseases (21.6%), respiratory diseases (18.8%), neoplasms (14.9%), and nervous system diseases (11.6%). The pattern among controls was different, with neoplasms (37.4%), circulatory diseases (26.5%), respiratory diseases (9.9%), and external causes (7.4%) being most common.
The cause-specific death rate was higher among adults with intellectual disability than it was among controls for all main causes (Table 3) . However, suicides and traffic accidents (a subgroup of external causes) were more common among controls. Hazard ratios for main causes of death showed that the greatest relative increases were for diseases of the genitourinary system, including urinary tract infections (HR = 10.89; 95% CI = 6.09, 19.47), and nervous system disorders, including epilepsy (HR = 13.79; 95% CI = 9.70, 19.62). Other common causes of death (e.g., circulatory, digestive, respiratory Note. CI = confidence interval; HR = hazard ratio. Rates are per 10 000 people per year. a Adjusted for 9 comorbidities (atrial fibrillation, cancer, chronic obstructive pulmonary disease, dementia, diabetes, epilepsy, heart failure, severe mental illness, and stroke), deprivation, and smoking status with the exception of the subgroup analyses focusing on epilepsy and high number of support needs, in which epilepsy was not included in the adjustment. b For differences between subgroups (for age, 18-34 years was the baseline group).
c Classified by a general practitioner as having severe or profound intellectual disability or has ‡ 2 of the following: epilepsy, cerebral palsy or significant mobility problem (wheelchair use or greater), severe visual impairment, severe hearing impairment, continence problem, or use of percutaneous endoscopic gastrostomy feeding. d Down syndrome, high level of support needs, communal/shared accommodations, autism, or epilepsy.
diseases) all had hazard ratios between 3 and 7. Notable disparities within the respiratory death category included pneumonia and aspiration pneumonia, for which death rates among adults with intellectual disability were more than 10 times higher than were rates among controls. The most common underlying cause of death among adults with Down syndrome was respiratory diseases (n = 24; 20.3%).
However, Down syndrome (or another chromosomal abnormality) was listed as the underlying cause in 30 deaths, and in 26 of these cases respiratory disease was listed as a secondary cause. If respiratory diseases had instead been classified as the underlying cause in these 26 deaths, the percentage of Down syndrome deaths caused by respiratory diseases would have increased to 42.4%.
Potentially Avoidable Mortality Amenable to Health Care
The percentage of all deaths classified as potentially avoidable (amenable to care or preventable) was similar among adults with intellectual disability (46.3%) and controls (47.5%). However, the percentages of deaths amenable to care and preventable were very different between the 2 groups (Figure 1) , with a higher percentage of deaths amenable to care observed among intellectual disability adults (37.0%, compared with 22.5% among controls). This difference was reflected in the hazard ratio for deaths amenable to care (HR = 5.86; 95% CI = 5.06, 6.80) in contrast to preventable deaths (HR = 1.69; 95% CI = 1.42, 2.02). In addition, standard ONS definitions do not include a number of causes of deaths among people with intellectual disability that might be considered amenable to care, such as deaths from urinary tract infections (n = 12; 1.8%) and aspiration pneumonitis (n = 21; 3.2%).
Recording of Intellectual Disability on Death Certificates
In 456 (69.5%) deaths among adults with intellectual disability, there was no mention of intellectual disability or a related condition as either a main or contributory cause of death. In the remaining 200 cases that had a recorded cause associated with intellectual disability, the most common causes listed were Down syndrome (n = 88), cerebral palsy (n = 39), and developmental disorder of scholastic skills (n = 50).
DISCUSSION
We have confirmed and quantified a 3 to 4 times higher risk of death among adults with intellectual disability than we confirmed among the general population, and this risk is seen across all common causes of death and is not explained by the higher frequency of comorbid conditions in the intellectual disability group. Furthermore, our results show that adults with epilepsy or Down syndrome experience markedly higher mortality than other people with intellectual disability. Although potentially avoidable deaths accounted for a similar proportion of deaths among adults with intellectual Note. CI = confidence interval; HR = hazard ratio. Rates are per 10 000 people per year. Unadjusted hazard ratios are shown for common broad causes of mortality among adults with intellectual disability with the exception of congenital/chromosomal abnormalities, for which a hazard ratio would not be informative. Source. We summarized main causes of death using chapter headings from the International Classification of Diseases, 10th Revision.
14 a Notable subgroups: cerebrovascular disease (intellectual disability group, n = 34, rate = 6.9; control group, n = 57, rate = 1.7) and ischemic heart diseases (intellectual disability group, n = 62, rate = 12.5; control group, n = 188, rate = 5.5). b Notable subgroups: pneumonia (intellectual disability group, n = 67, rate = 13.5; control group, n = 39, rate = 1.1) and aspiration pneumonitis (intellectual disability group, n = 21, rate = 4.2; control group, n = 6, rate = 0.2). c Notable subgroup: epilepsy (intellectual disability group, n = 29, rate = 5.9; control group, n = 3, rate = 0.1). d Notable subgroups: accidental poisoning (intellectual disability group, n = 3, rate = 0.6; control group, n = 13, rate = 0.4), intentional or undetermined (intellectual disability group, n = 4, rate = 0.8; control group, n = 49, rate = 1.4), traffic accident (intellectual disability group, n = 1, rate = 0.2; control group, n = 20, rate = 0.6), and other accident (intellectual disability group, n = 17, rate = 3.4; control group, n = 15, rate = 0.4). e Hazard ratio could not reliably be estimated.
disability and the general population, there was a notable discrepancy in deaths amenable to health care, with the rate of such deaths being almost 6 times higher among adults with intellectual disability than they were in the general population.
Context
A number of data sources have been used in studies of mortality among people with intellectual disability, including local registers, death certification data alone, and national registers. 18 Our finding of an increased overall risk of death among people with intellectual disability is consistent with the results of most studies. The largest existing UK study, an investigation based on a follow-up of a regional disease register in Leicestershire, reported a similar increased risk of death. 3, 19 Our finding that fewer than a third of death certificates recorded intellectual disability as a secondary cause of death emphasizes the limitations of studies based on death certificates alone.
Overall, our description of cause-specific mortality is similar to those in other cohorts; however, an increased risk of cancer death has not been consistently described, with some studies suggesting a similar 19 or lower risk of cancer death. 5 Our findings may represent an important change resulting from an aging population of people with intellectual disability. Other studies have reported increased mortality rates among people with intellectual disability and epilepsy, 10 with a particular concern over the contribution of sudden unexpected death associated with epilepsy. 20, 21 Mortality among people with Down syndrome has been more widely studied. [22] [23] [24] [25] The findings from these investigations are consistent with the high risk of death we found among people with Down syndrome. For example, researchers in a large Danish population study concluded that people with standard trisomy 21 had a mortality hazard ratio of 8.9, 24 and a smaller American study showed that community-residing adults with Down syndrome were almost 4 times as likely to die as adults with other types of intellectual disability. 25 The UK confidential inquiry mentioned earlier reported a high proportion of deaths amenable to health care intervention, but the study researchers were able to compare this proportion only with the national average; they were unable to quantify absolute and relative risks. 7 Our study extends this work and provides quantitative estimates of these risks among people with intellectual disability. However, it should be noted that existing definitions of amenable mortality do not include some important treatable causes of deaths among people with intellectual disability, including urinary tract infections and aspiration, and thus are likely to underestimate the true burden of amenable mortality.
Strengths and Limitations
The main strength of our study is the inclusion of a large unselected population of adults with known intellectual disability and the fact that we were able to compare their experience with age-and gendermatched individuals from the same general practice. Our use of both primary care and death registration data is a crucial step in addressing an acknowledged lack of population-based comparative studies of mortality among people with intellectual disability. 8 This linkage allows for better ascertainment of adults with intellectual disability as well as control and stratification by factors not available in death registration data such as those focusing on comorbidity and smoking. Within-practice matching overcomes concerns regarding geographical differences in health care access or quality and inconsistencies in clinical recording between practices.
The main limitation of our study is the potential for incomplete and inaccurate recording in primary care and death certification data. In England, doctors have been encouraged to electronically maintain a register of all adults with intellectual disability, 12 so although it is reasonable to assume that most patients with severe intellectual disability will be identified, some milder cases may be missed. This may result in an overestimation of the mortality risk in the intellectual disability population as a whole, but we still found a doubling of risk when we restricted our analyses to patients with no significant impairments recorded. Recording of intellectual disability severity itself was less complete; however, we created a composite measure incorporating other relevant information in the patient record (including, if available, severe or profound classifications), although the consistency of recording of some of these factors may vary across practices.
Many patients with Down syndrome had this condition recorded as the underlying cause of death, with respiratory disease as a secondary cause. Although it could be argued that respiratory disease was the more appropriate underlying cause of death, in this scenario either cause would still be classified as amenable to care and, hence, avoidable. However, it may be that some causes of death are less avoidable among adults with intellectual disability because of the underlying cause of the intellectual disability itself. For example, the immune defects observed among people with Down syndrome may lead to infections being more common and less amenable to treatment. 26 
Implications and Conclusions
Mortality data are essential in identifying priorities for local, national, and global health strategies. Understanding mortality among people with intellectual disability is important in ensuring that interventions are appropriately targeted to this group's specific health needs. Our work contributes to this aim by quantifying mortality disparities between adults with intellectual disability and the general population.
The consistently higher mortality risk among adults with intellectual disability was seen at all ages and was not explained by their higher levels of comorbidity. 13 Although some conditions may be underdiagnosed or underreported, 27 our results suggest that underlying differences in functional status are more pertinent, highlighting the overall greater health care needs of people with intellectual disability. Consistent guidance on recording of intellectual disability as a contributory but not underlying cause on death certificates would be helpful for ongoing surveillance of the health of people with intellectual disability in all countries.
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Although many of the leading causes of death among adults with intellectual disability are similar to those found in the general population, there are important differences. One is the higher burden of respiratory deaths, which is important given that national strategies in developed countries assign a lower priority to respiratory health. The large contributions of pneumonia and aspiration are particularly important as a potential focus for improving health care among people with intellectual disability. The large contributions of urinary and neurological causes of death highlight further potential opportunities to improve care for people with intellectual disability through better management of urinary tract infections and optimization of seizure control.
Our most important finding is that more than a third of deaths among adults with intellectual disability were amenable to health care, with these deaths driving the overall higher risk of potentially avoidable deaths. The difference in the relative contribution of preventable and amenable deaths to avoidable mortality among people with intellectual disability and the general population may be partly explained by differences in lifestyle exposures, in particular tobacco and alcohol use. Adherence to current medical guidelines may also differ owing to difficulties encountered in communicating with patients with intellectual disability. 27 However, the high absolute risk of deaths amenable to health care intervention reflects established concerns regarding difficulty accessing health care, delays in diagnosis, and poorer management experienced by people with intellectual disability. 1, 7 Our findings emphasize that strategies for improving health among people with intellectual disability need to prioritize access to and quality of health care as well as preventive interventions. Existing populationwide strategies for working-age adults in high-income countries focus on cardiovascular risk and lifestyle factors, which, although important for people with intellectual disability, do not address their different health care needs. Confronting the health and mortality disparities experienced by people with intellectual disability is a key challenge for health care systems and a potentially important indicator of their equity and effectiveness.
